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Description 

[0001] The present Invention is directed to a thermoplastic resin composition, more particularly to a low gloss ther- 
moplastic resin composition that exhibits resistance to heat and impact. 
5 [0002] Compositions that comprise an acrylonitrile-butadiene-styrene resin, a poiycarisonate resin and a gel copol- 
ymer and that exhibit reduced surface gloss are known, see, for example, US 5.336,701 and US 5,580,924. 
[0003] An acrylonitrile-butadiene-styrene composition that provides low gloss, high heat resistance and high impact 
resistance is desired. 

[0004] In a first aspect, the present invention is directed to a thermoplastic resin composition that comprises, based 
10 on 100 parts by weight of the resin composition, a mixture of: 

(a) from 55 parts by weight to 98.5 parts by weight of a mbber modified themnoplastic resin comprising a discon- 
tinuous elastomeric phase dispersed in a continuous rigid themfioplastic phase, wherein at least a portion of the 
rigid thermoplastic phase is chemically grafted to the elastomeric phase; 

15 

(b) from 0.5 parts by weight to 15 parts by weight of a gel copolymer; 

(c) from 0.5 parts by weight to 15 parts by weight of an epihalohydrin polymer; and 

20 (d) from 0.5 parts by weight to 1 5 parts by weight of a (meth)acrylate polymer. 

[0005] The composition of the present invention exhibits improved flow properties, that is, reduced viscosity, com- 
pared to analogous compositions that comprise a rubber modified themnoplastic resin and gel copolymer, but that lack 
the epihalohydrin polymer and (meth) aery late polymer components of the composition of the present invention. The 

25 composition of the present invention is suitable for use as a molding compound for making thermoplastic articles that 
exhibit low gloss, high heat resistance and improved multiaxial impact perfomnance, compared to articles made from 
analogous compositions that comprise a rubber modified thermoplastic resin and gel copolymer, but that lack the 
epihalohydrin polymer and (meth)acrylate polymer components of the composition of the present invention. 
[0006] In a second aspect, the present invention is directed to a molded thermoplastic article, comprising a mixture 

30 of a mbber modified thennoplastic resin, said rubber modified themnoplastic resin comprising a discontinuous elasto- 
meric phase dispersed in a continuous rigid thermoplastic phase, wherein at least a portion of the rigid themnoplastic 
phase is chemically grafted to the elastomeric phase, a rigid gel copolymer, an epihalohydrin copolymer and a (meth) 
acrylate polymer. 

[0007] The molded article of the present invention exhibits low gloss, high heat resistance and improved multiaxial 
35 impact performance, to an analogous article comprising a rubber modified thennoplastic resin and gel copolymer, but 
lacking the epihalohydrin polymer and (meth)acrylate polymer components of the article of the present invention. 

Detailed Description of the Invention 

40 [0008] In a prefen^ed embodiment, the composition of the present invention comprises from 60 to 98 parts by weight 
("pbw"), more preferably from 70 to 96 pbw, of the rubbermodified thermoplastic resin, from 1 to 10 pbw, more preferably 
from 2 to 8 pbw, of the rigid acrylonitrile gel copolymer, from 1 to 10 pbw, more preferably from 2 to 8 pbw, of the 
epihalohydrin copolymer and from 1 to 10 pbw, more preferably from 1 to 6 pbw, of the (meth)acrylate polymer. 

45 Rubber Modified Thermoplastic Resin 

[0009] The rubber modified thermoplastic resin of the present invention comprises a discontinuous elastomeric phase 
dispersed in a continuous rigid thermoplastic phase, wherein at least a portion of the rigid thermoplastic phase is 
chemically grafted to the elastomeric phase. In a preferred embodiment, the rubber modified themnoplastic resin com- 
50 prises from 5 to 50 pbw, more preferably 5 to 35 pbw, still more preferably 1 0 to 25 pbw, of the elastomeric phase and 
from 50 to 95 pbw, more preferably 65 to 95 pbw, still more preferably 75 to 90 pbw, of the rigid thermoplastic phase. 

(a) Elastomeric Phase 

55 [001 0] Suitable materials for use as the elastomeric phase are polymers having a glass transition temperature ("Tg") 
of less than or equal to 25°C, more preferably less than or equal to 0 'C. and still more preferably less than or equal 
to -30°C. As referred to herein, the Tg of a polymer Is the Tg value of polymer as measured by differential scanning 
calorimetry (heating rate 20°C/minute, Tg value determined at inflection point). 
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[0011] In a preferred embodiment, the elastomeric phase comprises a polymer having stnjctural units derived from 
one or more monoethylenicaily unsaturated monomers selected from conjugated diene monomers, non-conjugated 
diene monomers and (C^-Cig) alky! (meth) aery late monomers. 

[0012J Suitable conjugated diene monomers include, for example, 1 ,3-butadiene, isoprene, 1 ,3-heptadlene, methyl- 
5 1 ,3-pentadlene, 2,3-dimethylbutadiene, 2-ethyl-1.3-pentadiene, 1 ,3-hexadiene, 2,4-hexadiene, dichlorobutadiene, 
bromobutadiene and dibromobutadiene as well as mixtures of conjugated diene monomers. In a preferred embodiment, 
the conjugated diene monomer is 1 .S-butadiene^ 

[0013] Suitable non-conjugated diene monomers include, for example, ethylidene nortDornene, dicyclopentadiene, 
hexadiene or phenyl norbornene. 

10 [0014] As used herein, the term "(C^-C^j)^"^'" nneans a straight or branched alkyi substituent group having from 1 
to 12 carbon atoms per group and includes, for example, methyl, ethyl, n-butyl, sec-butyl, t-butyl, n-propyl, iso-pentyl, 
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl and dodecyl, and the terminology "(meth) aery late monomers" refers 
collectively to acrylate monomers and methacrylate monomers. Suitable (CyC^2)^\ky\ (met h)acry late monomers In- 
clude (C^-C^2)3'M acrylate monomers such as, for example, ethyl acrylate, butyl acrylate, iso-pentyl acrylate, n-hexyf 

15 acrylate, 2-ethyl hexyl acrylate, and their (Ci-Ci2)alkyl methacrylate analogs such as, for example, methyl methacr- 
ylate, ethyl methacrylate, propyl methacrylate, iso-propyl methacrylate, butyl methacrylate, hexyl methacrylate, decyl 
methacrylate. 

[0015] In a prefen^ed embodiment, the elastomeric phase comprises a polymer having first structural units derived 
from one or more monoethylenicaily unsaturated monomers selected from conjugated diene monomers, non-conju- 
20 gated diene monomers and (0^-0^2) ^'M (meth)acrylate monomers and second structural units derived from one or 
more monoethylenicaily unsaturated monomers selected from vinyl aromatic monomers, monoethylenicaily unsatu- 
rated nitrite monomers and (C2-C3)olefin monomers. Suitable conjugated diene monomers, non-conjugated diene mon- 
omers and (C1-C12) alkyI (meth)acrylate monomers are disclosed above. 

[0016] Suitable vinyl aromatic monomers include, for example, styrene and substituted styrenes having one or more 
25 alkyI, alkoxyl, hydroxyl or halo substituent group attached to the aromatic ring, Including, for example, a-methyl styrene, 
p-methyl styrene, vinyl toluene, vinyl xylene, trimethyl styrene, butyl styrene, chlorostyrene, dichlorostyrene, bromo- 
styrene, p-hydroxystyrene, methoxystyrene and vinyl-substituted condensed aromatic ring structures, such as, for ex- 
ample, vinyl naphthalene, vinyl anthracene, as well as mixtures of vinyl aromatic monomers. 
[0017] As used herein, the temi "monoethylenicaily unsaturated nitrile monomer" means an acyclic compound that 
30 includes a single nitrile group per molecule and a single site of ethylenic unsaturation per molecule and includes, for 
example, acrylonitrile, methacrylonitrile, a-chloro acrylonitrile. fumaronitrile. 

[0018] As used herein, the temn "(C2-C8)olefin monomers" means a compound having from 2 to 8 carbon atoms per 
molecule and having a single site of ethylenic unsaturation per molecule. Suitable (C2-C8)olefin monomers include, 
for example, ethylene, propene, 1-butene, 1-pentene, heptene. 

35 [0019] In a preferred embodiment, the elastomeric phase comprises from 60 to 100 percent by weight ("wt%") first 
structural units derived from one or more conjugated diene monomers and from 0 to 40 wt% second structural units 
derived from one or more monomers selected from vinyl aromatic monomers and monoethylenicaily unsaturated nitrile 
monomers, such as, for example, a butadiene homopolymer, styrene-butadiene copolymer, an acrylonitrile-butadiene 
copolymer or a styrene-butadiene-acrylonitrile copolymer. 

40 [0020] In an alternative preferred embodiment, the elastomeric phase comprises structural units derived from one 
or more (C^-C^2)^'ky' acrylate monomers. In a more highly preferred embodiment, the rubbery polymeric substrate 
comprises from 40 to 1 00 wt% structural units derived from one or more (Ci-Ci2)alkyl acrylate monomers, more pref- 
erably from one or more monomers selected from ethyl acrylate, butyl acrylate and n-hexyl acrylate. 
[0021 1 The elastomeric phase may, optionally, further comprise a minor amount, for example, up to 5 wt% of stmctural 

45 units derived from a polyethylenically unsaturated "crosslinking" monomer, for example, butylene diacrylate, divinyl 
benzene, butene diol dimethacrylate, trimethylolpropanetri(meth)acrylate. As used herein, the temri "polyethylenically 
unsaturated" means having two or more sites of ethylenic unsaturation per molecule. 

[0022] The elastomeric phase may, particularly in those embodiments wherein the structural units of the elastomeric 
phase are derived from alkyI (meth)acrylate monomers, further comprise a minor amount, for example, up to 5 wt% of 

50 structural units derived from a polyethylenically unsaturated "grafllinking" monomer. Suitable graftlinking monomers 
include those monomers having a first site of ethylenic unsaturation with a reactivity similar to that of the monoethyl- 
enicaily unsaturated monomers from which respective substrate or superstrate is derived and a second site of ethylenic 
unsaturation with a relative reactivity that is substantially different from that of the monoethylenicaily unsaturated mon- 
omers from which the elastomeric phase is derived so that the first site reacts during synthesis of the elastomeric phase 

55 and the second site is available for later reaction under different reaction conditions, for example, during synthesis of 
the rigid thermoplastic phase. Suitable graftlinking monomers include, for example, allyl methacrylate, diallyl maleate, 
triallyl cyanurate. 

[0023] In a preferred embodiment, the elastomeric phase is made by aqueous emulsion polymerization in the pres- 
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ence of a free radical initiator, for example, an azonitrile initiator, an organic peroxide initiator, a persulfate initiator or 
a redox initiator system, and, optionally, in the presence of a chain transfer agent, for example, an alkyi mercaptan and 
coagulated to fomri particles of elastomeric phase material. In a preferred embodiment, the emulsion polymerized 
particles of elastomeric phase material have a weight average particle size of 50 to 800 nanometers ("nm"), more 
5 preferably, of from 100 to 500 nm, as measured by light transmission. The size of emulsion polymerized elastomeric 
particles may optionally be increased by mechanical or chemical agglomeration of the emulsion polymerized particles, 
according to known techniques. 

(b) Rigid Theimoplastic Phase 

10 

[0024] The rigid themfioplastic resin phase comprises one or more themfioplastic polymers and exhibits aTg of greater 
than 25''C, preferably greater than or equal to 90*^0 and even more preferably greater than or equal to 1 0O'^C. 
[0025] In a preferred embodiment, the rigid themioplastic phase comprises a polymer or a mixture of two or more 
polymers each having structural units derived from one or more monomers selected from the group consisting of 
IS (Ci-Ci2)alkyl (meth)acryiate monomers, vinyl aromatic monomers and monoethylenlcally unsaturated nitrile mono- 
mers. Suitable (C^-C^j)^''^' (nieth)acrylate monomers, vinyl aromatic monomers and monoethylenlcally unsaturated 
nitrile monomers are those set forth above in the description of the elastomeric phase. 

[0026] In a highly preferred embodiment, rigid themioplastic phase comprises one or more vinyl aromatic polymers. 
Suitable vinyl aromatic polymers are those comprising at least 50 wt% structural units derived from one or more vinyl 
20 aromatic monomers. 

[0027] In a preferred embodiment, the rigid thermoplastic resin phase comprises a vinyl aromatic polymer having 
first structural units derived from one or more vinyl aromatic monomers and having second structural units derived 
from one or more monoethylenlcally unsaturated nitrile monomers. 

[0028] The rigid thermoplastic phase is made according to known processes, for example, mass polymerization, 
25 emulsion polymerization, suspension polymerization or combinations thereof, wherein at least a portion of the rigid 

thermoplastic phase is chemically bonded, i.e., "grafted" to the elastomeric phase via reaction with unsaturated sites 

present in the elastomeric phase. The unsaturated sites in the elastomeric phase are provided, for example, by residual 

unsaturated sites in structural units derived from a conjugated diene or by residual unsaturated sites in structural units 

derived from a graftlinking monomer. 
30 [0029] I n a preferred embodiment, at least a portion of the rigid themnoplastic phase Is made by an aqueous emulsion 

or aqueous suspension polymerization reaction in the presence of elastomeric phase and a polymerization initiator 

system, for example, a thermal or redox initiator system. 

[0030] In an alternative preferred embodiment, at least a portion of the themioplastic phase is made by a mass 

polymerization process, wherein the particles of the material from which the elastomeric phase is to be formed are 
35 dissolved in a mixture of the monomers from which the rigid themioplastic phase is to be formed and the monomers 
of the mixture are then polymerized to form the rubber modified thermoplastic resin. 

[0031] The amount of grafting that takes place between the rigid thermoplastic phase and the elastomeric phase 
varies with the relative amount and composition of the elastomeric phase. In a preferred embodiment, from 10 to 90 
wt%, preferably from 25 to 60 wt%, of the rigid themioplastic phase is chemically grafted to the elastomeric phase and 
40 from 10 to 90 wt%, preferably from 40 to 75 wt% of the rigid thermoplastic phase remains "free", that is, non-grafted. 
[0032] The rigid themioplastic phase of the rubber modified thermoplastic resin may be fomied solely by polymeri- 
zation carried out in the presence of the elastomeric phase or by addition of one or more separately polymerized rigid 
themfioplastic polymers to a rigid themioplastic polymer that has been polymerized in the presence of the elastomeric 
phase. 

45 [0033] In a preferred embodiment, the nongrafted portion of the rigid thermoplastic phase exhibits a weight average 
molecular weight in the range of 10,000 to 200,000, as determined by gel penneation chromatography relative to 
polystyrene. 

[0034] In a preferred embodiment, the rubber modified thermoplastic resin comprises an elastomeric phase com- 
prising a polymer having structural units derived from one or more conjugated diene monomers, and, optionally, further 
50 comprising structural units derived from one or more monomers selected from vinyl aromatic monomers and monoeth- 
ylenlcally unsaturated nitrile monomers, and the rigid thermoplastic phase comprises a polymer comprising stnjctural 
units derived from one or more monomers selected from vinyl aromatic monomers and monoethylenically unsaturated 
nitrile monomers. 

[0035] In a preferred embodiment, the rigid thermoplastic resin phase is a polymer or mixture of polymers comprising 
55 from 5 to 90 wt% structural units derived from a-methyl styrene, from 5 to 70 wt% structural units derived from styrene 
and from 5 to 50 wt% structural units derived from acrylonltrile. 

[0036] In a highly preferred embodiment, the rigid themioplastic resin phase comprises a mixture of from 20 to 95 
wt%, more preferably from 30 to 80 wt%, of a first rigid thermoplastic polymer comprising from 50 to 90 wt% structural 
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units derived from a-methyl styrene, from 1 0 to 50 wt% structural units derived from acrylonitrile and from 0 to 20 wt% 
structural units derived from styrene and from 5 to 80 wt%, more preferably from 20 to 70 wt%, of a second rigid 
thermoplastic polymer comprising from 60 to 85 wt% structural units derived from styrene and from 1 5 to 40 wt% 
structural units derived from acrylonitrile. 

5 [0037] Each of the polymers of the elastomeric phase and of the rigid themrioplastlc resin phase of the rubber modified 
thenmoplastic resin may, provided that the Tg limitation for the respective phase is satisfied, optionally further comprise 
up to 1 0 wt% of third structural units derived from one or more other copolymerizable monomers such as, for example, 
monoethylenically unsaturated cari30xylic acids such as, for example, acrylic acid, methacrylic acid, itaconic acid, hy- 
droxy(Ci-Ci2)3'ky' (meth)acrylate monomers such as, for example, hydroxyethyl methacrylate; (C4-Ci2)cycloalkyl 

10 (meth)acrylate monomers such as, for example, cyclohexyl methacrylate; (meth)acrylamide monomers such, for ex- 
ample as, acrylamlde and methacrylamide; maleimide monomers such as, for example, N-alkyI maleimides, N-aryl 
maleimides, maleic anhydride, vinyl esters such as, for example, vinyl acetate and vinyl propionate. As used herein, 
the term "(C4-C^2)^y^'°^"^'" means acyclic alkyi substituent group having from 4 to 12 cari3on atoms per group and 
the term "(meth)acrylamide" refers collectively to acrylamides and methacrylamides 

15 

Gel Copolymer 

[0038] The gel copolymer of the composition of the present invention comprises the crosslinked reaction product of 
a reactive polymer and a multifunctional crosslinking agent. The gel copolymer may further comprise non-crosslinked 
20 reactive polymer as well as other polymers. 

[0039] Suitable reactive polymers are those having one or more substituent groups, such as, for example, nitrile 
groups, carboxylic acid groups, anhydride groups, epoxy groups, amino groups, per molecule that are capable of 
undergoing reaction with the crosslinking agent to provide a crosslinked gel copolymer. 

[0040] In a preferred embodiment, the reactive polymer comprises first structural units derived from a least one 
25 monoethylenically unsaturated nitrile monomer, preferably acrylonitrile, and further comprises second structural units 
derived from one or more ethylenically unsaturated comonomers that are copolymerizable with acrylonitrile. Suitable 
monoethylenically unsaturated nitrile monomers and ethylenically unsaturated monomers are disclosed above. Suit- 
able acrylonitrile copolymers Include, for example, styrene-acrylonltrile copolymers, a-methylstyrene-acrylonitrile co- 
polymers, acrylonitri!e-styrene-(meth)acrylate graft copolymers, acrylonitrile-ethyl acrylate-styrene copolymers, acry- 
30 lonitrile-butadiene-styrene graft copolymers. 

[0041] In a preferred embodiment, the reactive polymer comprises from 5 to 40 wt%, preferably 15 to 35 wt%, struc- 
tural units derived from a monoethylenically unsaturated nitrile monomer. 

[0042] In a highly preferred embodiment, the reactive polymer comprises a styrene-acrylonitrile copolymer which 
comprises from 60 to 90 wt% structural units derived from styrene and from 1 0 to 40 wt% structural units derived from 
35 acrylonitrile. 

[0043] Suitable multifunctional crosslinking agents are compounds having two or more functional groups, for exam- 
ple, epoxy groups, amino groups, carboxylic acid groups, per molecule that are capable of reacting with the functional 
groups of the reactive polymer to form the crosslinked gel copolymer. In a preferred embodiment, the crosslinking 
agent is a polyepoxide. 

40 [0044] Suitable polyepoxides include, for example, aliphatic diepoxides such as, for example, dodecatriene dioxide, 
dipentene dioxide, 1,2,7,8-diepoxy octane; bis(glycidyl ether) compounds such as, for example, polycondensates of 
epihalohydrin and diols or diacids wherein the dioi/diacid may be either aliphatic or aromatic, such as adipic acid and 
phthallic acid, 1 ,4-butanediol-diglyddyl ether, bis-glycidyl ether of bisphenol A; cycloaliphatic diepoxides such as, for 
example, 3,4-epoxycyclohexyl-3,4-epoxycyclohexylcarboxylate, bis(3,4-epoxycydohexylmethyl)adipate, bicyclohep- 

45 tadiene diepoxide; mixed aliphatic and cycloaliphatic diepoxides such as , for example, vinyl cyclobutene dioxide, vinyl 
cyclopentadiene dioxide, vinyl cyclohexene dioxide, butenecyclobutene dioxide, butenecyclopentene dioxide, butadi- 
enecyclobutadiene dioxide, butadienecyclopentadiene dioxide, pentadienecyclobutadiene dioxide; tri and polyepox- 
ides such as, for example, glycidyl ethers of novalaks, tetraglycidyl ether of 1 ,1 ,2,2,-tetrakis(4-hyroxyphenyl) ethane, 
triglycidyl ether of 1 ,3,6-trihydroxybenzene, triglycidyt isocyanurate (TGiC) and epoxidized oils such as, for example, 

so epoxidized tall oils, epoxidized linseed oils, epoxidized soy bean oils. 

[0045] In a preferred embodiment, the polyepoxide is an alicyclic polyepoxide. In a highly preferred embodiment, 
the polyepoxide is 3,4-epoxycyclohexyl-3,4-epoxycyclohexylcarboxylate, available from Union Carbide under the trade 
designation "Bakelite® ERL 4221". 

[0046] in preferred embodiments, the proportion of polyepoxide to reactive polymer Is from 0.5 to 10 pbw, more 
S5 preferably from 1 to 6 pbw, of the polyepoxide per 1 00 pbw reactive polymer. 

[0047] The reactive polymer and crosslinking agent are melt blended under reactive conditions to form the gel co- 
polymer, for example, in an extruder. 

[0048] In a preferred embodiment wherein the crosslinking agent comprises a polyepoxide compound, the reactive 
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polymer and polyepoxide compound agent are mett blended in the presence of an epoxide ring-opening catalyst. 
Suitable epoxide ring opening catalysts include, amines, imidazoles, organic acids, such as carboxylic adds and sul- 
fonic acids, mineral acids and Lewis Acids. In a pretended embodiment, the ring-opening catalyst is zinc chloride or a 
sulfonic acid such as, for example, methyl sulfonic add, p-toluene sulfonic acid and dodecylbenzene sulfonic acid, 

5 most preferably dodecylbenzene sulfonic acid. 

[0049] In a preferred embodiment, the amount of ring-opening catalyst is about 50 to 2000 pbw catalyst per one 
million pbw reactive polymer, which may, alternatively, be expressed as 50 to 2000 parts per million ("ppm") catalyst, 
based on weight of reactive polymer. In a preferred embodiment, the reactive polymer polyepoxide and ring-opening 
catalyst are each fed Into the throat of an extruder and melt blended in the extruder under reactive conditions to forni 

10 the gel copolymer. 

[0050] In a preferred embodiment, the melt mixing is carried out in a single screw or twin screw extruder, operated 
at 1 50'C - 360''C. preferably 220''C - SSO'C, more preferably 220°C - SSO^C, and a residence time of 1 0 - 600 seconds. 
[0051] Suitable gel copolymers and a method for making such gel copolymers are disclosed in US Patent No. 
5,580,924, issued December 3, 1996 to R. Wildi et al for "Reduced Gloss Thermoplastic Compositions and Processes 

15 For Making Thereof, the disclosure of which is hereby incorporated herein by reference. 

[0052] In a prefen-ed embodiment, the melt mixing is carried out in the presence of from 0.05 to 1 pbw water per 1 00 
pbw reactive polymer, as disclosed in US. Patent No. 5,336,701 issued August 9, 1994 to R. Wildi et al for "Process 
Improvement For Improved Color Reduced Gloss Themnoplastic Compositions", the disclosure of which is hereby 
incorporated herein by reference. 

20 [0053] In a highly preferred embodiment, the gel copolymer is made by melt mixing the reactive polymer and a 
crosslinking agent under reactive conditions and in the presence of an inert carrier polymer, to form a mixture of gel 
copolymer and inert carrier polymer. A suitable gel copolymer is disclosed in U.S. Patent No. 5,530,062 for "Production 
Of Low Gloss Additives For Themioplastic Resins" issued June 25,1996 to R. Bradkte et al, the disclosure of which is 
hereby incorporated herein by reference. 

25 [0054] Suitable inert carrier polymers are those polymers that will not react with the reactive polymer or the crosslink- 
ing agent under the reactive extrusion conditions. Suitable inert earner polymers include, for example, polycarbonate 
resins such as, for example, bisphenol A polycari^onate resin, polyolefin resins such as, for example, polyethylene, 
and vinyl aromatic resins such as, for example, polystyrene. 

[0055] In a preferred embodiment, the inert carrier comprises a polystyrene polymer or a polycarbonate resin. 
30 [0056] In a highly preferred embodiment, the Inert carrier polymer comprises a bisphenol A polycartDonate resin that 
exhibits a weight average molecular weight in the range of 10,000 to 1 00,000, as detemnined by gel permeation chro- 
matography relative to polystyrene. 

[0057] In a preferred embodiment, from 1 to 80 pbw, more preferably 30 to 70 pbw, reactive polymer are melt mixed 
with the crosslinking agent under reactive conditions in the presence of from 20 to 99 pbw, more preferably 30 to 70 
35 pbw, inert carrier polymer. 

[0058] The compositions of the invention preferably contain gel copolymer in an amount sufficient to reduce the 
surface gloss of articles molded from the composition and thus enhance the matte finish of the article. 

Epihalohydrin Polymer 

40 

[0059] The epihalohydrin polymer comprises structural units derived from an epihalohydrin monomer. Suitable epi- 
halohydrin monomers are those according to structural fomnula (2): 



45 



-CH- 



CHi 



(2) 



so wherein X is chlorine, bromine, iodine or fluorine. 

[0060] In a preferred embodiment, X is chlorine or bromine. Most preferably, X is chlorine. 

[0061] Suitable epichlorohydrin monomers include, for example, epichlorohydrin, epibromohydrin, epiiodohydrin and 

epifluorohydrin. In a preferred embodiment, the epihalohydrin monomer is epichlorohydrin. 

[0062] The epihalohydrin monomer may be an epihalohydrin homopolymer or an epihalohydrin copolymer. Methods 
55 for synthesizing epichlorohydrin homopolymers are known and are described, for example, in U.S. Patent Nos. 
3,850,856 and 3,850,857. 

[0063] The epihalohydrin monomer may be copolymerized with other copolymerizable comonomers. Suitable copo- 
lymerizable comonomers include oxirane-containing monomers such as, for example, glycidyl ethers, for example. 
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glycidyl ether, isopropenyl glycidyl ether, phenyl giycidyl ether; monoepoxides of dienes and polyenes, such as, for 
example,*butadiene monoxide, chloroprene monoxide, 3,4-epoxy-1-pentene; glycidyl esters such as, for example, 
glycidyl acrylate, glycidyl methacrylate, 1 ,2-epoxy 1 ,2-epoxy-3,3,3-trichloropropane; and alkylene oxides such as, for 
example, ethylene oxide, propylene oxide and trichlorobutylene oxide. Methods for synthesizing eplhalohydrin copol- 
5 ymers are known and are described, for example, in U.S. Patent No 4,251 ,648. 

[0064] In a preferred embodiment, the eplhalohydrin polymer Is a copolymer of an epichlorohydrin and an alkylene 
oxide. More preferably, the epichlorohydrin polymer is a copolymer of epichlorohydrin and ethylene glycol or propylene 
glycol. 

[0065] In aprefen-ed embodiment, theepihalohydrin polym e r compri ses from 5 to 9 5 wt% first structural units derived 
10 from one or more eplhalohydrin monomers and from 5 to 95 wt% second structural units derived from one or more 
copolymerlzable comonomers. 

(Meth) acrylate Polymer 

15 [0066] The (meth)acfylate polymer Is polymer having structural units derived from one or more (0^0-^2)^^^^ (meth) 
acrylate monomers, optionally including up to 1 0 wt7o structural units derived from other copolymerlzable monoethyl- 
enlcally unsaturated comonomers. Suitable (C^-C^2)^"^' (meth)acrylate monomers and comonomers are disclosed 
above. 

[0067] In a preferred embodiment, the acrylate polymer is a copolymer having greater than 50 wt% stmctural units 
20 derived from methyl methacrylate. 

Additives 

[0068] The thermoplastic resin composition of the present invention may optionally also contain various conventional 

25 additives, such as: 

(1) antioxidants, such as, for example, organophosphites , for example, tris(nonyl-phenyl)phosphite, (2,4,6-tri-tert- 
butylphenyl)(2-butyl-2-ethyl-1,3-propanediol)phosphite, bis(2,4-di-t-butylphenyl)pentaerythritol diphosphite or di- 
stearyl pentaerythritol diphosphite, as well as alkylated monophenols, polyphenols, alkylated reaction products of 

30 polyphenols with dienes, such as, for example, butylated reaction products of para-cresol and dlcyclopentadiene, 

alkylated hydroquinones, hydroxylated thiodiphenyl ethers, alkylidene-bisphenols, benzyl compounds, acylami- 
nophenols, esters of beta-(3,5-di-tert-butyl-4-hydroxyphenol)-propionic acid with monohydric or polyhydric alco- 
hols, esters of beta-(5-tert-butyl-4-hydroxy-3-methylphenyl)-propionic add with monohydric or polyhydric alcohols, 
esters of beta-(5-tert-butyl-4-hydroxy-3-methylphenyl) propionic acid with mono-or polyhydric alcohols, esters of 

35 thioalkyi or thioaryl compounds, such as, for example, distearylthiopropionate, dilaurylthiopropionate, ditridecylth- 

iodipropionate, amides of beta-(3,5-di-tart-butyl-4-hydroxyphenol)-propionic add; 

(2) UV absorbers and light stabilizers such as, for example, (I) 2-(2'-hydroxyphenyl)-benzotriazoles, 2-hydroxy- 
benzophenones; (11) esters of substituted and unsubstituted benzoic acids, (lii) acrylates, (iv) nickel compounds; 

40 

(3) metal deactivators, such as, for example, N,N'-dlphenyloxallc acid diamlde, 3-sallcyloylamino-1 ,2,44riazole; 

(4) peroxide scavengers, such as, for example, (C^o-C2o)alkyl esters of p-thiodipropionic acid, mercapto benzim- 
Idazole; 

45 

(5) polyamide stabilizers; 

(6) basic co-stabilizers, such as, for example, melamine, polyvinylpyrrolidone, triallyl cyanurate; urea derivatives, 
hydrazine derivatives; amines, polyamldes, polyurethanes; 

50 

(7) stericalty hindered amines such as, for example, triisopropanol amine or the reaction product of 2,4-dichloro- 
6-(4-morpholinyl)-1 ,3,5-triazine , with a polymer of 1 ,6-diamine, N, N'-bis(-2,2,4,6-tetramethyl-4-plperidenyl) hex- 
ane; 

55 (8) neutralizers such as magnesium stearate, magnesium oxide, zinc oxide, zinc stearate, hydrotalclte; 

(9) fillers and reinforcing agents, such as, for example, silicates, Ti02 glass fibers, carbon black, graphite, calcium 
carbonate, talc, mica; 
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(1 0) other additives such as, for example, lubricants such as , for example, pentaerythritol tetrastearate, EBS wax, 
silicone flu ids, plasticizers, optical brighteners, pigments, dyes, colorants, flameproofing agents; anti-static agents; 
blowing agents; 

5 (11) flame retardant additives such as, for example, halogen-containing organic flame retardant compounds, or- 

ganophosphate flame retardant compounds and borate flame retardant compounds. 

[0069] The thermoplastic resin composition of the present invention is made, for example, by melt mixing the com- 
ponents, for example, in a two-roll mill, in a Banbury mixer or In a single screw or twin-screw extruder, mixing the 
10 components to produce a substantially homogeneous composition and optionally, reducing the composition so fomned 
to particulate fomri, for example, by pelletlzing or grinding the composition. 

[0070] The composition of the present invention can be molded into useful articles, for example, automotive interior 
components, by a variety of means such as injection, extrusion, rotation, and blow molding and themiofomiing. 



15 Comparative Examples C1 and C2 and Examples 1 and 2 



[0071] The compositions of Comparative Examples C1 and C2 and Examples 1 and 2 were made by combining the 
components set forth in TABLE 1 , in the relative amounts indicated in TABLE 1 , in a Banbury compounder. Comparative 
Example CI is a control, Comparative Example C2 includes a gel copolymer, but lacks the epihalohydrin polymer and 
20 a {meth)acrylate polymer components of the composition of the present invention and Examples 1 and 2 are embod- 
iments of the present invention. The following components were used to make the compositions of Comparative Ex- 
amples CI and C2 and Examples 1 and 2: 



25 



30 



35 



40 



ABS1: 
ABS2: 

AMSAN: 

SAN: 
EHH: 
PMMA: 
GEL1: 



GEL 2: 



Lubricant 1 : 
Lubricant 2: 
Lubricant 3: 



ABS graft copolymer comprising 50 pbw rubber {1 5 styrene/85 butadiene, 85 nm average particle size) 
and 50 pbw SAN copolymer (75 styrene/25 acrylonitrile); 

ABS graft copolymer comprising 50 pbw rubber (15 styrene/85 butadiene, 300 nm average particle 

size) and 50 pbw SAN copolymer (75 styrene /25 acrylonitrile); 

AMSAN copolymer (70a-methyl styrene/30 acrylonitrile); 

SAN copolymer (75 styrene/25 acrylonitrile); 

epihalohydrin polymer (Hydrin 2000, Nippon Zeon Chemicals, Inc.); 

poly(methyl methacrylate) (V 920, Rohm and Haas Company); 

100 pbw SAN copolymer (75 styrene/25 acrylonitrile) crosslinked with 3.5 pbw 3,4-epoxycydohexyl- 
3,4-epoxycydohexytcarboxylate (Bakelite® ERL 4221, Union Carbide Corporation) under melt extru- 
sion conditions in the presence of 50 pbw bisphenol A polycarbonate resin and 1200 ppm, based on 
the weight of SAN copolymer, of dodecylbenzene sulfonic acid; 

100 pbw SAN copolymer (75 styrene/25 acrylonitrile) crosslinked with 4 pbw 3,4-epoxycydohexyl- 
3,4-epoxycyclohexyicarboxylate (Bakelite® ERL 4221, Union Carbide Corporation) under melt extru- 
sion conditions in the presence of 950 ppm, based on the weight of SAN copolymer, of dodecylbenzene 
sulfonic acid; 
magnesium oxide; 
EBSwax; 

block copolymer of propylene oxide and ethylene oxide (Pluronic F88, BASF). 



[0072] The compositions were then ground in a grinder and each of the ground compositions was then injection 
45 molded at 500'* f, 0.8 inches/second injection speed into a 1 50**F mold to fomri samples for testing. The samples were 
tested according to the following methods: viscosity was measured using a capillary rheometer, notched impact Izod 
perfomnance was measured according to ASTM D256, falling dart impact properties were measured using an instru- 
mented Impact apparatus (Dynatup) with a 14 inch diameter dart, tensile strength and elongation were measured ac- 
cording to ASTM D 638, heat distortion temperature was measured according to ASTM D 648-82 at 66 pounds per 
50 square Inch ("psi") using a 1/8 inch thick injection molded sample, flexural strength and flexural modulus were measured 
according to ASTM D790 and gloss properties were measured according to ASTM D523. 

[0073] Results are set forth in TABLE 1 as Viscosity in Poise ("P") at 500°F and shear rates of 100 s•^ 500 s""" and 
1000 s-"", Notched Izod impact strength in foot-pounds per inch ("ft-lb/in"), falling dart failure energy and total energy, 
each in foot-pounds ("ft-lb") as well as standard deviation values, heat distortion temperature ("HOT (^'F)"), tensile 
55 strength, flexural strength and flexural modulus in pounds per square inch ("psi"), tensile elongation as % of initial 
length ("%*'). and gloss in at 60** and 85'. 
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TABLE 1 





COMPONENT 


01 


02 


1 


2 


5 


ABS1 


35.0 










ABS2 




35.0 


35.0 


35.0 




AMSAN 


40.0 


40.0 


32.4 


32.4 




SAN 


25.0 


25.0 


20.3 


20.3 




EHH 






5.0 


5.0 


10 


PMMA 






3.3 


3.3 




GEL1 




2.0 


4.0 






GEL2 








4.0 




Lubricant 1 


0.05 








15 


Lubricant 2 


1.0 




1.0 


1.0 


Lubricant 3 


0.25 


0.25 








PROPERTIES 




Viscosity (P) 










20 


SOO^F, 100S-1 


9953 


7064 


5286 


5938 




500'*F, 500 s"'' 


3549 


3152 


2242 


2407 




500°F, 1000 s-"" 


2276 


2113 


1550 


1631 




Notched Izod (ft-lb/in) 


4.7 


2.5 


5.5 


4.6 


25 














Falling Dart: 












Failure Energy (ft-lb) 


28.9 


4.7 


26.0 


23.4 




Standard Deviation 


6.2 


1.9 


3.2 


5.4 


30 


Total Energy (ft-Ib) 


29.8 


9.6 


30.4 


28.6 




Standard Deviation 


6.0 


11.4 


3.7 


3.2 




HDT (°F) 


210 




204 


204 




Tensile Strength (psi) 


6145 






5925 


35 


Tensile Elongation (%) 


26 






19 




Flex Strength (psi) 


10780 




9430 


9560 




Flex Modulus (psi) 


3.77 




336 


3.46 




Gloss (60°) 


30 


68 


20.2 


18.2 


40 


Gloss (85'') 


85.5 




50.4 


39.8 



[0074] Use of the gel copolymer as a gloss reducing additive in an acrylonltrfle-butadiene-styrene resin composition 
provides gloss reduction, but at the expense of severely compromised impact properties (compare results for Com- 
parative Example C2 with Comparative Example 01 ). The composition of the present invention unexpectedly exhibits 
45 even lower gloss (compare results for Examples 1 and 2 with Comparative Examples 01 and 02) and unexpectedly 
exhibits dramatically Improved Impact perfomnance (compare results for Examples 1 and 2 with Comparative Example 
C2) that nearly matches the control composition (compare results for Examples 1 and 2 with Comparative Example CI ). 



so Claims 

1 . A themioplastic resin composition comprising, based on 1 00 parts by weight of the resin composition, a mixture of: 

(a) from 55 parts by weight to 98.5 parts by weight of a rubber modified thermoplastic resin comprising a 
55 discontinuous elastomeric phase dispersed in a continuous rigid thermoplastic phase, wherein at least a por- 
tion of the rigid thermoplastic phase is chemically grafted to the elastomeric phase; 

(b) from 0.5 parts by weight to 15 parts by weight of a rigid gel copolymer; 
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(c) from 0.5 parts by weight to 15 parts by weight of an epihalohydrin polymer; and 

(d) from 0.5 parts by weight to 15 parts by weight of a (meth)acrylate polymer. 

5 2. The composition of claim 1 , wherein the rubber modified thermoplastic resin comprises from 5 parts by weight to 
50 parts by weight elastomeric phase and from 50 parts by weight to 95 parts by weight of the rigid thermoplastic 
phase. 

3. The composition of claim 1 , wherein the elastomeric phase comprises a butadiene homopolymer, a styrene-buta- 
10 diene copolymer, an acrylonitrile-butadiene copolymer or a styrene-butadiene-acrylonitrile copolymer. 

4. The composition of claim 1 , wherein the rigid thermoplastic resin phase is a polymer or mixture of polymers com- 
prising from 5 weight percent to 90 weight percent structural units derived from a-methyl styrene, from 5 weight 
percent to 70 weight percent structural units derived from styrene and from 5 weight percent to 50 weight percent 

15 structural units derived from acrylonitrile. 

5. The composition of claim 1 , wherein the gel copolymer comprises the crosslinked reaction product of a styrene- 
acrylonitrile copolymer and a polyepoxide crossllnking agent. 

20 6. The composition of claim 5, wherein the gel copolymer further comprises an inert carrier polymer selected from 
polycarbonate resins and polystyrene homopolymers. 

7. The composition claim 1 , wherein the epihalohydrin polymer is a copolymer derived from an epichlorohydrin mon- 
omer and an allcylene oxide monomer. 

25 

8. The composition claim 1 , wherein the (meth)acrylate copolymer comprises greater than or equal to 50 weight 
percent structural units derived from methyl methacrylate. 

9. A molded thermoplastic article, comprising a mixture of a rubber modified thermoplastic resin, said rubber modified 
30 thenmoplastic resin comprising a discontinuous elastomeric phase dispersed in a continuous rigid thermoplastic 

phase, wherein at least a portion of the rigid thermoplastic phase is chemically grafted to the elastomeric phase, 
a rigid gel copolymer, an epihalohydrin polymer and a (meth) aery late polymer 



35 PatentansprUche 

1. Thennoplastische Harzzusammensetzung, umfassend, bezogen auf 100 Gewichtsteile der Harzzusammenset- 
zung, eine Mischung von: 

^0 (a) 55 Gewichtsteilen bis 98,5 Gewichtstellen eines Kautschul<-modifizierten thennoplastischen Harzes, das 

eine nicht zusamenhangende elastomere Phase umfasst, die in einer zusammenhangenden harten thermo- 
plastischen Phase dispergiert ist, wobel mindestens ein Tell der harten themioplastischen Phase chemisch 
auf die elastomere Phase gepfropft ist; 

(b) 0,5 Gewichtsteilen bis 15 Gewichtsteilen eines harten Gelcopolymers; 

(c) 0,5 Gewichtsteilen bis 15 Gewichtsteilen eines Epihalohydrin-Polymers und 

(d) 0,5 Gewichtsteilen bis 15 Gewichtsteilen eines (Meth)acrylatpolymers. 

2. Zusammensetzung nach Anspruch 1 , worin das Kautschul<-modlfizierte thermoplastische Harz von 5 Gewichtsteile 
bis 50 Gewichtsteile elastomere Phase und von 50 Gewichtsteile bis 95 Gewichtsteile von der harten themiopla- 

50 stischen Phase umfasst. 

3. Zusammensetzung nach Anspruch 1 , worin die elastomere Phase ein Butadlen-IHomopolymer, ein Styrol-Butadi- 
en-Copolymer, ein Acrylnltril-Butadien-Copolymer Oder ein Styrol-Butadien-Acrylnitril-Copolymer umfasst. 

55 4. Zusammensetzung nach Anspruch 1 , worin die harte thennoplastische Harzphase ein Polymer Oder eine Mischung 
von Polymeren Ist, umfassend von 5 Gew.-% bis 90 Gew.-% strukturelle Einheiten von a-i^ethylstyrol, von 5 Gew.- 
% bis 70 Gew.-% strukturelle Einheiten von Styrol und von 5 Gew.-% bis 50 Gew.-% strukturelle Einheiten von 
Acrylnitril. 
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5. Zusammensetzung nach Anspruch 1 , worin das Gelcopolymer das vernetzte Reaktionsprodukt eines Styroi-Acryl- 
nitril-Copolymers und eines Polyepoxtd-Vernetzungsmittels umfasst, 

6. Zusammensetzung nach Anspruch 5, worm das Gelcopolymer weiter ein inertes Tragerpolymer, ausgewahit aus 
Polycarbonatharzen und Polystyrol-Homopotymeren, umfasst. 

7. Zusammensetzung nach Anspruch 1 , worin das Epihalohydrin-Polymer ein Copolymer von einem Epichlorhydrin- 
Monomer und einem Alkylenoxid-Monomer ist. 

8. Zusammensetzung nach Anspruch 1 , worin das (Meth)acrylat-Copotymer 50 Gew.-% oder mehr strukturelle Ein- 
heiten von Methytmethacrylat umfasst. 

9. Gefomiter thermoplastischer Gegenstand, umfassend eine MIschung eines Kautschukmodifizierten themfioplasti- 
schen Harzes, wobei das Kautschuk-modifizlerte thermopiastische Harz eine nicht zusammenhangende elasto- 
mere Phase dispergiert in einer zusammenhangenden harten thermoplastischen Phase umfasst, wobei minde- 
stens ein Teil der harten thermoplastischen Phase chemisch auf die elastomere Phase gepfropft Ist, ein hartes 
Gelpolymer, ein Epihaiohydripolymer und ein (Meth)acrylatpolymer. 



Revendlcatlons 

1. Composition de resine thermoplastique comprenant, par rapport k 100 parties en poids de ia composition de 
r^slne, un melange de 

(a) 55 parties en poids a 98,5 parties en poids d'une resine thermoplastique modlfiee par un caoutchouc, 
comprenant une phase 6lastomere discontinue dispersee dans une phase thermoplastique rigide continue, 
dans laquelle au molns une partle de la phase themioplastique rigide est chimlquement greff^e sur la phase 
6lastom6re ; 

(b) 0,5 partie en poids ^15 parties en poids d'un copolymere gel rigide ; 

(c) 0,5 partie en poids k 15 parties en poids d'un polymere d'epihalogenhydrine ; et 

(d) 0,5 partie en poids k 15 parties en poids d'un polymere de (m6th)acrylate. 

2. Composition selon la revendication 1 , dans laquelle la r§sine thermoplastique modif ide par un caoutchouc com- 
prend 5 parties en poids k 50 parties en poids de la phase 6lastom&re, et 50 parties en poids k 95 parties en poids 
de la phase themnopiastique rigide. 

3. Composition selon la revendication 1 , dans laquelle la phase 6lastom^re comprend un homopolym^re de buta- 
diene, un copolymere styrfene/butadiene, un copolymere acrylonitrile/butadiene ou un copolymere styrene/buta- 
diene/acrylonitrile. 

4. Composition selon la revendication 1 , dans laquelle la phase de r6sine thermoplastique rigide est un polymere ou 
un melange de polymeres comprenant de 5 % en poids k 90 % en poids de motifs structuraux d6riv6s de I'a- 
methylstyrene, de 5 % en poids k 70 % en poids de motifs structuraux derives du styrene, et de 5 % en poids k 
50 % en poids de motifs structuraux derives de I'acrylonltrile. 

5. Composition selon la revendication 1 , dans laquelle le copolymere gel comprend le prodult r6actlonnel reticule 
d'un copolymere styrene/acrylonitrile et d'un agent de reticulation polyepoxyde. 

6. Composition selon la revendication 5, dans laquelle le copolymere gel comprend en outre un polymere support 
inerte cholsl. parmi les reslnes polycart^onates et les homopolymeres polystyrene. 

7. Composition selon la revendication 1 , dans laquelle le polymere d'epihalogenhydrine est un copolymere derive 
d'une epihalogenhydrine monomere et d'un oxyde d'alkyiene monomere. 

8. Composition selon la revendication 1 , dans laquelle le copolymere de (meth)acrylate comprend une proportion 
superieure ou egale k 50 % en poids de motifs structuraux derives du methacrylate de methyle. 

9. Article thermoplastique mouie. comprenant un melange d'une resine thenmoplastique modifiee par un caoutchouc, 
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ladite r^sine theimoplastique modlftee par un caoutchouc comprenant une phase diastom&re discontinue dlsper- 
s^e dans une phase theimoplastique rigide continue, dans laquelle au moins une partte de la phase theimoplas- 
tique rigide est chinnlquement greff^e k la phase 6lastom&re, d'un copolym^re gel rigide, d'un potym6re d'^pl- 
halog^nhydrine et d'un polym^re de {m6th)acrylate. 
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